To compare breast measurements performed using the software packages ImageTool 
Introduction
Because of factors such as contour, size, and volume, it is difficult to correctly measure female breasts 1 . Nevertheless, a thorough examination of the breast should precede any operative procedure. Knowledge of the patient's morphology is essential for the surgeon, so that the surgery can be efficiently planned 2 .
Preoperative assessment and photographic documentation are important because they allow patients to have a better understanding about the shape and contours of their body and be informed about the limitations of the procedure, thus avoiding unrealistic expectations and minimizing doubts about the surgical results 3 .
Sometimes individual asymmetries go unnoticed until they are shown in an evident manner 3 . Besides physical examination, standardized photographic analysis is recommended, especially because of the reproducibility of measurements, which is a critical aspect of the scientific rigor required by the academic community 4 . Direct and indirect anthropometry can be used in the preoperative assessment of the breast to identify preexisting morphological differences. Direct anthropometry consists of linear measurements between anthropometric landmarks performed directly on the body of the patient. Quieregatto et al. 5 compared direct breast anthropometric measurements taken with a tape measure with those taken using a compass. Digital or printed images are used in indirect anthropometry and measurements are made using graphic software.
Studies comparing direct and indirect anthropometry have been limited to the face and nose. Ward 6 compared measurements of the nose and found no significant differences between direct and indirect anthropometry. Nechala et al. 7 reported no differences in angular measurements and linear measurements of two points in the same sagittal plane between photogrammetric measurements and direct anthropometry. Sivagnanavel et al. 8 and Assunção et al. 9 conducted studies to validate software packages by comparing indirect anthropometric measurements obtained with the different software, arguing that although these digital tools are based on the same theoretical principles they could generate different results.
Computerized photogrammetry of the breast could be of great value to minimize patient embarrassment and contribute to the objective analysis of postoperative results, especially after mammaplasty.
However, no studies were found in the literature comparing direct and indirect anthropometric methods to assess the breast.
Thus, the aim of this study was to compare breast measurements obtained using different graphic software packages with direct anthropometric measurements.
Methods
The study was approved by the Research Ethics Indirect anthropometric measurements were made by three independent investigators for assessment of inter-rater reliability, and the principal investigator repeated the measurements with all graphics software packages to investigate the intra-rater reliability of each package. The investigators received specific training in the use of the graphic software packages UTHSCSA The intraclass correlation coefficients (ICCs) and respective 95% confidence intervals (95% CI) were used to evaluate inter-and intra-rater reliability, and reproducibility of line segment measurements.
The absolute differences between direct anthropometric measurements and digital measurements performed with each software package were also calculated. 
Results
In the intra-rater reliability analysis, measurements performed with AutoCAD ® had the highest ICC values, followed by those made with Adobe Photoshop ® and ImageTool ® ( Table 1) .
Results of the inter-rater reliability analysis are shown in ICC, intraclass correlation coefficient; CI, confidence interval, SD, standard deviation; SN, suprasternal notch; xCl, x-point of the clavicle; Ac, acromion; Ax, proximal point of the anterior axillary line; ML, midline; 1/2Hum, midpoint of the humerus; EpL, lateral epicondyle; NIP, center of the nipple; Xi, xiphoid process; SA, sternal angle.
Measurements of the segments Ac-1/2Hum (ICC, 0.68) and Ac-EpL (ICC, 0.71) showed the lowest reproducibility. For all other line segments, the ICC values were higher than 0.85 (Table 3 ).
The measurements of almost all line segments obtained using the software packages showed significant differences when compared with direct anthropometric measurements, except for measurements of the sternal angle (Table 4) . Measurements obtained with ImageTool ® were the most similar to direct anthropometric measurements, whereas the largest differences were found when Adobe Photoshop ® and direct anthropometric measurements were compared.
There were no significant differences in the segment NIP-ML measurements between direct anthropometric measurements and those made with ImageTool ® and AutoCAD ® (P = 0.686), as shown in Table 5 . SD, standard deviation; SN, suprasternal notch; xCl, x-point of the clavicle; Ac, acromion; Ax, proximal point of the anterior axillary line; ML, midline; 1/2Hum, midpoint of the humerus; EpL, lateral epicondyle; NIP, center of the nipple; Xi, xiphoid process; SA, sternal angle.
Reproducibility of line-segment measurements

Discussion
The origins of physical anthropometry can be found on reports of the travels of Marco Polo (1273-1295), in which Direct anthropometry allows the quantification of differences in the breast using predetermined reference points for linear and angular measurements, for example, with the use of a ruler, tape measure, protractor and calipers [11] [12] [13] [14] [15] . Direct measurements in the thoracic region may be of relative accuracy due to the contour of the body (i.e., curves, prominences and depressions) and movements of the thoracic wall during breathing, which may vary in the same individual at different moments 7, 14 . In order to minimize the effects of breathing, Agbenorku et al. 18 proposed the use the lowest value of two successive measurements taken with a tape measure in the breast region. In this way, the obtained measurements are closer to actual body dimensions. Quieregatto et al. 5 found significant differences between measurement taken with a tape measure and those taken with a compass at the same landmarks in the breast region. 
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, measurements of less than 10 cm tend not to have significant differences between repeated measurements and to be more precise those of longer line segments. This may explain the low reproducibility of measurements, since the line segments used in the present study were longer than 10 cm. Significant differences between measurements made with the graphic software packages and direct measurement were found for most of the line segments.
Measurements made with ImageTool ® were the most similar to direct anthropometry, but showed low reproducibility. AutoCAD and that has been found to be useful in the medical field 9 .
Our study revealed that different software packages used for indirect anthropometric measurements may yield significantly different results, meaning that graphic software packages cannot be used indiscriminately. Thus, the graphic software should be chosen judiciously, especially in situations where measurements of the breast are made at two different time points, such as for preand postoperative evaluation.
Conclusion
There was no agreement between linear measurements made with the three graphic software packages evaluated in this study. Linear measurements made with AutoCAD ® were the most precise; those obtained with ImageTool ® were the most accurate;
and Adobe Photoshop ® yielded the least accurate results. Precision and accuracy of angular measurements made with the three software packages were similar.
